| PARTICIPANTS
The APDRC4 had 344 participants from 18 countries, including Australia (2), Belgium (2), China (75), Finland (1), France (1), Germany (1), India (7), Israel (1), Italy (1), Japan (140), Malaysia (1), Korea (42), Singapore (7), Sweden (1), Switzerland (2), Taiwan (45), the United Kingdom (5), and the United States of America (10). Thus, the atmosphere of the conference was very international.
| KEYNOTE LECTURES
Dr. Henry Sun (Academia Sinica, Taiwan) gave the opening keynote lecture entitled "Dilemmas and choices in my research career" on May 8. He presented an overview of his research and shared his experience about dilemmas he faced and choices he made throughout his research career. He mused about how a person's career is like a developmental pathway, where the choices one makes can reinforce the circuit by providing positive feedback and blocking other pathways. In the second half of his talk, Dr. Sun discussed various dilemmas that researchers face in their daily life. For example, should one publish more papers to keep his or her job, or only focus on good quality papers? Or, should one only take on mainstream projects or try something novel? These questions not only perplex junior researchers, but also burden all researchers throughout their career. Although there are no right answers, Dr. Sun suggested that researchers be bold and try to include some innovation in their research, which is the joy of doing science.
Dr. Daisuke Yamamoto (Tohoku University, Japan) gave the closing keynote lecture entitled "Nature versus nurture in D. melanogaster male courtship" on May 11. Dr. Yamamoto talked about his research on the male courtship behavior in Drosophila melanogaster (Figure 1c) . He started this project many years ago with a mutant called satori, which causes males to court males rather than females. Two genes encoding transcription factors that regulate the neural circuitry behind this sexual behavior, fruitless (fru) and doublesex (dbx), were identified later (Kimura, Hachiya, Koganezawa, Tazawa, & Yamamoto, 2008) . Dr. Yamamoto also showed that the fru mutant males perform male-following activities and form a "courtship chain." This behavior was found to depend on social experience, given that fru mutant male flies rarely show homosexualcourtship behavior when they are housed singly after eclosion. Whether a similar sex-executive circuit exists in humans or other mammals remains a mystery, but the studies in flies provide a deeper understanding of neurally governed sexual behaviors.
| TOPICS OF ORAL

PRESENTATIONS
We had many excellent oral presentations. Our fourteen international chairs, seven of whom were women, selected the oral presenters and ran the sessions. Due to space limitations, we cannot summarize all of the presentations. Thus, we will highlight some of the talks in each session. In addition to the comprehensive talks from principal investigators, the oral sessions included many exciting presentations from students and young postdocs.
In the Developmental Mechanisms session, new findings, from the molecular to tissue scale and on various topics such as vesicle trafficking and left-right asymmetry, were discussed. For example, Dr. Erina Kuranaga (Tohoku University, Japan) gave a talk entitled "Collective cell movement during epithelial morphogenesis." Her group focuses on the clockwise rotation of genitalia in male flies. Using a computer simulation, they showed that the collective cell movement was driven by left-right asymmetric cell intercalation, which was also observed in vivo (Sato et al., 2015) . Together, her research on the left-right asymmetric morphogenesis associated with male genitalia rotation provides new information about how cell collectives lacking a leading edge move directionally together and contribute to morphogenesis. In the Signal Transduction and Cell Biology session, current findings in signaling pathways such as Hippo, Wnt, and Dpp were presented. Dr. Kieran Harvey (Peter MacCallum Cancer Center, Australia) gave a presentation on Hippo and Hippo-like signaling pathways. He showed that both pathways are regulated by the kinase Tao-1, but they have distinct functions. One pathway controls organ growth, whereas the other regulates morphogenesis. Also in this session, Dr. Irene Miguel-Aliaga (MRC London Institute of Medical Sciences, Imperial College London, UK) gave a presentation entitled "How the Gut Talks and Listens." The adult gut of Drosophila is sexually dimorphic both morphologically and functionally. The proliferation rate of the adult stem cells differs between the sexes; the female cells proliferate faster than the male cells, and the female has a longer gut. Dr. MiguelAliaga's group showed that the activity of the sexually dimorphic intestinal stem cells originates from mechanisms intrinsic to the stem cells involving the transformer gene, but not the canonical effectors of sex differences doublesex and fruitless. Notably, they also discovered that sexual identity is reversible and can be reprogrammed in nongonadal organs such as the gut (Hudry, Khadayate, & Miguel-Aliaga, 2016) . She also presented work describing roles for the Ret receptor tyrosine kinase, better known for its roles in the enteric nervous system, in the intestinal epithelium of both flies and mice (Perea et al., 2017) .
In the Physiology and Metabolism session, speakers shared their recent findings on metabolic processes that affect distinct systems in flies. In addition, many of the studies presented in this session aimed to decipher the mechanism of human diseases using Drosophila as a model. Dr. Shinya Yamamoto (Baylor College of Medicine, USA) gave a presentation entitled "Integration of Drosophila researchers into collaborative undiagnosed disease research pipelines." Dr. Yamamoto emphasized that translational/clinical research using Drosophila as a model organism can be very valuable, even compared to vertebrate models. He claimed that collaborating with clinicians that specialize in medical genetics and genomics is synergistic and rewarding for fly researchers. Indeed, his group has been working with a group of physicians and scientists to discover new human disease genes using whole-exome or whole-genome sequencing data from patients and Drosophila. This strategy, for example, led to the identification of ANKLE2 as a novel microcephaly-associated gene in humans (Yamamoto et al., 2014) . In addition, he presented "MARRVEL (http://marrvel.org/)," an online database that aims to facilitate the use of public genetic resources to study rare human gene variants using various model organisms , and expressed his hope that more Drosophila researchers would apply the database and general strategy to increase the medical significance of their projects .
In the Genetics, Genomics, and Evolution session, studies in different species of Drosophila as well as in other emerging insect model organisms such as the red flour beetle (Tribolium castaneum) and butterflies were presented. In addition, techniques like ChIP-seq and FAIRE-seq were described as powerful tools for assessing genomic information such as enhancers. Dr. Artyom Kopp (Univ. California-Davis, USA) gave a talk entitled "The origin of novel sex traits in Drosophila." Dr. Kopp presented his research about the evolution of sex combs. He showed that the varying sex comb phenotypes among different species are caused by changes in cis-regulation of the Sex comb reduced gene. He suggests that there are two possible causes of the evolution of this cisregulation: One is through the evolution of new Doublesex binding sites in the sexually monomorphic enhancer, and the other is through the co-option of a preexisting enhancer into a new tissue, such as the legs (Kopp, 2011; Rice, Barmina, Hu, & Kopp, 2018) .
In the Stem Cells and Germ-line session, several new findings in Drosophila stem cell research were presented. Specifically, many studies focused on the mechanism regulating the germline stem cells, a topic of broad and current interest. For example, Dr. Hongyan Wang (Duke-NUS Medical School, Singapore) gave a talk entitled "An intrinsic mechanism controls reactivation of neural stem cells." She explained how the spindle matrix complex, which includes a nuclear protein, Chromator (Chro), functions uniquely to reactivate neural stem cells (NSCs) in Drosophila (Li et al., 2017) . In addition, Chro acts as a regulator to control the reversible transition of NSCs by preventing them from reentering quiescence. The findings of her group showed novel roles of the spindle matrix complex in controlling the activity of NSCs. In this session, Dr. Tomotsune Ameku (Univ. Tsukuba, Japan) also gave a presentation entitled "Midgutderived neuropeptide regulates germline stem cell proliferation in the mated female." Dr. Ameku shared his group's research on a newly discovered mechanism that regulates the proliferation of germline stem cells (GSCs) in female flies. His group showed that neuropeptide F (NPF) signaling plays an important role in regulating the proliferation of GSCs after mating (Ameku & Niwa, 2016) . They suggest that NPF is secreted into the hemolymph in mated females, although they were unable to detect NPF in the hemolymph, probably due to its very low concentration. They also found that NPF signaling affects BMP signaling in the ovary, which was shown by an increase in the pMad level in GSCs after mating.
In the Neurobiology session, presentations were given on the neural circuits and the genetic regulation involved in memory and of behaviors such as navigation and the mating decision. Dr. Hiroshi Ishimoto (Nagoya Univ., Japan) gave a talk entitled "Central modulation of the mating decision made in Drosophila females." In the courtship process of many animals, the female often rejects the male courtship initially, and then gradually increases her interest in the courtship. Dr. Ishimoto sought to determine the neuronal and molecular mechanisms that regulate the decision switch during courtship behavior in Drosophila females. He discovered that the suppression of dopaminergic (DA) neurons significantly enhances the copulation rate and speeds up the copulation time and that mutants of the dopamine transporter also showed increased copulation. He also found that there are two different classes of Ring (R) neurons that function differently in the targeting DA cluster downstream of PPM3. The R4d class is responsible for courtship rejection, whereas the R2/R4m classes suppress the rejecting behavior. In the same session, Dr. Margaret Su Chun Ho (Tongji University, China) presented a talk entitled "Glia-derived ubiquitin E3 ligase dSmurf regulates mushroom body formation and Drosophila epileptic behavior via Fused." She showed that the ubiquitin E3 ligase dSmurf in glia acts to regulate mushroom body (MB) formation and that its disruption can be rescued by overexpressing Fused (Fu) in a noncell-autonomous way. The misexpression of glial dSmurf also caused defects in olfactory-associative learning and epileptic behavior, further showing the critical roles of glial dSmurf in MB formation and function.
In the luncheon seminar, Dr. Ann-Shyn Chiang (National Tsing Hua University, Taiwan) gave an excellent presentation entitled "Imaging Drosophila connectome." (Figure 1a ) Dr. Chiang discussed the importance of determining the comprehensive neural wiring diagram, in other words the connectome, in the brain. This is a challenging task that scientists have been seeking to accomplish for decades. With the availability of new techniques, Dr. Chiang discussed the challenges of and potential for building a whole-body connectome using Drosophila as an example. He then introduced his automated imaging of the fly brain using the Fly Head Array Slice Tomography (FHAST) imaging approach (Lin et al., 2015) . Finally, Dr. Chiang shared his philosophy that it is important to link the internal and external worlds, which requires an understanding of neural behaviors between the brain and the rest of the body (Lo & Chiang, 2016) . For this purpose, his group developed the ALTOMS method, which uses real-time laser tracking to analyze fly behavior.
| POSTER SESSION
In the poster session, 176 posters were displayed on May 9-10. The posters were presented and discussed by the authors on the afternoon of May 10 (Figure 1d ). Active discussions took place during the entire poster session. Based on the presentation and scientific achievement, 10 posters were selected by the session chairs, APDRC board members, and organizing committees and were given a "Best presentation award."
| CONCLUSIONS
Asia-Pacific Drosophila Research Conference APDRC began in 2011 and was derived at least in part from the Japanese Drosophila Research Conference. This was its first return to Japan since its launch. We conclude that APDRC4 fulfilled its important goal of sustaining the development of Drosophila research in the Asia-Pacific area. In particular, among the Drosophila researchers in this area and other parts of world, including Europe and the United States, friendly relationships have been established. In addition, APDRC5 was scheduled for January 6-9, 2020, in Pune, India. This ensures a bright future for Drosophila research in the Asia-Pacific area, as Drosophila continues to fly high all over the world.
